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Description 

This invention concerns improvements in or relating to contact lenses and relates more particularly to 
bifocal contact lenses. 

s The rear surface of a well fitting contact lens has a radius of curvature near that of the cornea. The front 
surface of the contact lens has a radius of curvature which is determined by the refractive correction 
required by the wearer In the case of a bifocal contact lens there is the requirement for additional positive 
power to replace the failing accommodation of the presbyopic wearer. If this additional power is effected 
by a change in curvature which, in the case of the rear surface, would generally involve an increase in the 

10 radius of curvature, this renders the surface a less good fit on the cornea. It has, however, been proposed in 
EP— A— 64812 (prior art in the sense of Art 54(3) EPC) that diffractive power, e.g. provided by a wavelength 
selective hologram, should be added to the basic refractive power of the contact lens whereby no change in 
the basic surface curvature is needed. 

The present invention also concerns a contact lens which uses the diffraction of light to provide some 

15 or all of its optical power. This diffractive power is usually along or nearly along the axis of the contact lens 
and therefore along the axis of the eye wearing the contact lens. Holograms which provide on-axis power 
are called in-line or axial holograms. Such holograms have a regular pattern of rings or zones whose 
centres lie on the axis. Depending largely on the optical effect of each zone, diffractive optical devices with 
concentric zones have received the names Fresnel Zone Plates (FZPs), Phase Zone Plates, Kinoform Lenses, 

20 Thin Rim Lenses, Holographic Optical Elements (HOEs); generally the name relates to the method of 
manufacture. The requirement for diffractive power is the amplitude addition of component light waves 
having phase differences equivalent to one wavelength to give a new continuous wavefront having a 
different curvature from the incident wavefront from which the component light waves were generated. 
The optical term coherence is used to define the conditions under which this can occur. The component 

25 light waves are said to be coherent when the phase difference between adjacent zones shows a simple 
mathematical relationship across the whole aperture of the device. 

The Fresnel Zone Plate should not be confused with the Fresnel Lense which has no diffraction power. 
The Fresnel Lens has facetted zones which have random equivalent phase differences between them. This 
is due largely to having actual phase differences which are many (e.g. around 100) wavelengths so that the 

30 equivalent residual phase difference may be any value between 0 and 2n because of random inaccuracies 
in the manufacturing method. Any amplitude addition across the lens is insignificant and no useable 
diffractive power is generated although there is diffractive scattering. The power of a Fresnel Lens is 
therefore determined solely by refraction at each of the facets of the lens, each of which forms an image of 
the object. With correct design these images are formed in the same place and the final intensity of the 

35 ultimate image is found by adding the intensities of the component images. The diffractive scattering at 
each facet severely limits the resolution even when all the images are perfectly superimposed. 

In the case of optical devices with diffractive power, 6uch as Kinoform Lenses, the diffractive effects are 
used to form the image and refraction is secondary. The phase difference between each zone is carefully 
controlled to an accuracy equivalent to about one tenth the wavelength of light. This fundamental 

40 requirement for accuracy In the sub-micron region has generally restricted fabrication methods to those 
using optics and photo-sensitive materials such as holography, scanning Fabry-Perot interferometers and 
photo-resist material, master drawings wfth photographic materials and photo-lithographic methods, and 
thin films which can be etched through photographically generated masks. Such methods have also been 
used to make diffraction gratings which have proved considerably superior to earlier diffraction gratings 

45 made by ruling grooves with a diamond or the like on metal substrates. 

According to the present invention there is provided a bifocal contact lens having diffractive power, 
comprising a plurality of concentric zones arranged so as to cause diffraction of light transmitted through 
the lens, each zone providing an asymmetric retardation of light across the zone width in a manner which 
directs light of a design wavelength predominantly into a required order and sign of diffraction at the 

so expense of transmission at zero order and at the expense of transmission at the opposite sign of said 
required order of diffraction, while light of another wavelength displaced from said design wavelength is 
predominantly transmitted at zero order in preference to said required order and sign of diffraction, 
whereby light of said design wavelength from an object at one distance can be focussed by way of said 
required order and sign of diffraction and light of said other wavelength from an object at another distance 

55 can be focussed by way of zero order transmission. 

Conveniently said required order of diffraction may be first order diffraction. 
Said concentric zones may be defined by surface discontinuities and/or refractive index changes. Said 
asymmetric retardation across each zone width may be provided by thickness variation or refractive index 
variation or a combination of both. Preferably the zones are defined, and the asymmetric retardation is 

60 provided, by the surface contour of the lens, and preferably the rear surface contour. Thus, in particular, the 
zones may be defined by steps in the lens surface. The asymmetric retardation may be provided by a 
stepped surface contour, for example having three, but possibly having more, stepped areas, across each 
zone, or may alternatively be provided by a smooth curve across the zone, the arrangement in either case 
being asymmetric across the zone width. 

65 The diffractive power of the lens may be additional to refractive power provided by the material of the 
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lens and the basic curvature of its front and rear surfaces. The above mentioned surface contour can be 
superimposed on the base curve in a manner which effectively retains the basic curvature. Notably, a 
curvature of one radius may be made discontinuous by step sizes appropriate for approximation to a 
curvature of different radius. Where there are stepped areas across each zone, these stepped areas may 
5 each have a radius of curvature the same as that of the bass curve. Where there is a smooth curve across 
each zone it may have a radius of curvature which differs from that of the base curve but the step size at the 
zone edge can be such as to give general conformation of the surface to the basic curvature. 

The tens may be manufactured using a technique as mentioned previously which is used for the 
fabrication of optical devices with diffractive power. Preferably, however, the lens is manufactured using 
w material cutting technology which leaves an optically good surface, and in particular by a computer- 
controlled lathe (as have been developed for making aspheric lenses in plastics materials). 

Further aspects of the invention will be apparent from the following explanation and description which 
is, and in which the numerical values are given, by way of illustration and example. In order that it may be 
better understood, reference is made to the accompanying drawings, in which: — 
is Figure 1 Is a schematic representation of an eye wearing a contact lens, 

Figures 2 and 3 schematically represent concentric zones of a diffractive optical element 
Figures 4, 5 and 6 are schematic cross sections through part of respective diffractive optical elements, 
Figure 7 illustrates the transition from a stepped contour to a smooth curve contour in the design of a 
diffractive optical element, 

20 Figure 8 is a graphical representation of light transmission through respective diffractive optical 
elements, 

Figure 9 illustrates the effect of different thickness portions on a diffractive optical element, 
Figure 10 is a schematic axial cross-sectional representation through a surface of one embodiment of 
bifocal contact lens in accordance with the invention, and 

26 Figure 11 is a schematic axial cross-sectional representation through a surface of a second 
embodiment of bifocal contact lens in accordance with the invention. 

Referring initially to Rgure 1, a typical adult human eye cornea has a radius of curvature of 8 mm. 
Accordingly, the rear surface 1 of a well fitting contact lenss 2 has a radius of curvature near this value. The 
front surface 3 of the contact lens has a radius of curvature which can vary from 6 mm to 12 mm depending 

30 on the refractive correction required by the wearer, which may be from +20 Dioptres to -20 Dioptres. The 
lens 2 can thus have refractive power from the material (refractive index) of the lens and the curvature of its 
front and rear surfaces 3 and 1 . In the case of a bifocal contact lens additional positive power is required to 
replace the failing accommodation of the presbyoptlc wearer. This may vary from 0.5 Dioptres to 3 or even 
4 Dioptres depending on the needs of the wearer and the amount of residual accommodation still 

35 available; a value of 2 Dioptres can be considered as illustrative for general purposes. The additional power 
can be provided by diffraction, and in particular by providing the lens 2 with a plurality of series of 
concentric zones arranged to diffract light transmitted through the lens in the manner of a phase zone plate. 

Consideration will be given to the central 4 mm diameter area of the contact lens because the natural 
eye pupil is hardly greater than this value under illumination which is sufficient for close vision, and 

40 particularly for reading. A diffractive optical element requires about 10 zones over this central 4 mm 
diameter area for a focal length of 500 mm. Such zones are shown in Figure 2 in which each circle defines 
the outer limit of one zone and the inner limit of the next, the zone widths (i.e., radius difference between 
successive circles) decreasing outwardly so as to provide zones of equal area, if each of these zones is 
treated to affect in the same way the light passing through them, a proportion of this light will be focussed 

4S at 250 mm, 125 mm etc., as well as at -500 mm, -250 mm and -125 mm etc. These other foci arise from 
different orders of diffraction equivalent to those occurring with diffraction gratings. 

The simplest possible treatment of the zones is to make one-half of each zone opaque. Rgure 3 shows 
the outer half (area)* of each zone made opaque, and Rgure 4 shows an enlarged cross-section through the 
zone plate from the 4th zone to the 7th. Only the inner half of each zone (the lower half in Figure 4) is 

so transparent to light. The action of the light passing through these half zones can be summarized to that of a 
series of small wavelets emerging from the mid point of each transparent half-zone. These wavelets 
themselves summarise to a continuous wavefront The simplest of these is indicated by A in Rgure 4 (and 
represents zero order transmission). Other wavefronts can be formed by connecting across the zones but 
with one or more waves slip between each. The important one of these is that marked B (representing 

55 positive first order diffraction) as this gives the 500 mm focal length required for the reading power add. As 
can be seen in the Rgure 4 other wavefronts can be formed and these lead to the other foci; C (representing 
positive second order diffraction) gives the +250 mm focus and B' (representing negative first order 
diffraction) gives the -500 mm focus. It turns out that with the equl-transparent and opaque zone plate the 
energy going into the C image at 250 mm is zero* It may be noted that many textbooks divide a zone plate 

50 into half-period zones and give a mathematical treatment which applies only to the equi-transparent and 
opaque condition. For the present more general purpose Rm is defined as the outer radus of the m m 
full-period zone. This gives a focal length (f,) for the B wavefront specified by the equation: 

(Rm) 2 

66 fi=l( ); 

mA 
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the focal length (f t ) for the B' wavefront is given by: 

{Rm) 2 

f,=M ); 

5 -mA 

the focal length (f 2 ) for the C wavefront is given by: 

{Rm) 2 

f 2 =K ); 

2mA 

the focal length (FJ for the C wavefront {representing negative second order diffraction) is given by: 

is (Rm) 2 

f 2 =i( >; 

-2mA 

the focal length (f 3 ) of the D wavefront (representative of positive third order diffraction) is given by: 

20 

(Rm) 2 

f 8 =i( ); 

3mA 

and so on, A being the light wavelength. 
26 The treatment of the light within each zone controls the amount of light going into each focus. In the 
case of the equi-transparent/opaque zone plate the values are: 
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This therefore produces relatively strong images by the zero order transmission (A) and both the 
35 positive and negative first order diffraction (B and B') wavef ronts, as well as weaker images by the positive 
and negative third and fifth order diffraction (D, D', F, F') wavefronts. The alternate clear and opaque 
treatment of the half zone areas also means that 50% of the incident light is absorbed. 

Consider now replacing the opaque areas with areas which transmit the light but delay by an amount 
equal to one-half wavelength the wavelets now allowed through. This can be accomplished for example by 
40 overlaying these areas with a very thin layer of some transmitting optical material using the techniques of 
thin film deposition. The light travels more slowly through this material than through air in the adjacent 
area. The action in each individual area can again be summarised in terms of wavelets emerging from a 
central point and Figure 5 is a cross-sectional illustration similar to Figure 4. However, the raised areas 
mean that the (zero order transmission) wavefront A of Figure 4 is now not allowed to form (because the 
45 phase delayed wavelets are interposed) and there is no energy going into this image. As can be seen in the 
following table most light goes into the positive and negative first order diffraction images B and B'; 
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Thus, although this puts more light into the positive first order diffraction image B at the expense of 
55 transmission at zero order, it also puts more into the negative first order diffraction image B'. 

In order to transfer energy from B' to B it is necessary to have within each zone an asymmetrical action 

on the phase delay of the light. In accordance with the invention, therefore, an asymmetric retardation of 

light across the zone width is provided such that light is predominantly directed into the positive first order 

diffraction wavefront (B) at the expense of transmission at negative first order diffraction (B'J. One 
6o approach to this is to divide each zone into three equal areas (rather than the two of Figure 5) and arrange a 

staircase effect on the phase of the light. The phase difference between these steps within each zone must 

now be equivalent to A/3 where A is the wavelength of light. 

The action of this is shown in Figure 6 which is a cross-sectional illustration similar to Figures 4 and 5. 

The wavefront formations are too complex to draw but the resulting intensities into each image may be 
55 calculated by the formula: 
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sin n (n-1+1/3) 



In* 



n (n-1+1/3) 



r 



5 This gives the following results: 

Order -5 -4 -3 -2 -1 0 1 2 3 4 5 6 

Designation F E' D' C B' A B C D E F G 

to 

Intensity 5% 0 0 17% 0 0 68% 0 0 4% 0 0 

n -1 o +1 +2 

ts If the zones are each divided into four areas {Instead of the three in Figure 6) while retaining the 
staircase action, the 1/3 value in the above formula is changed 1/4, so that: 
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which gives 



(sin n (n-1+1/4) \ * 

rt (n-1+1/4) / 
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The phase difference between these steps within each zone is now equivalent to A/4 where A is the 
wavelength of light 

It can be seen that the action of increasing the number of steps in the staircase of phase delay over 
each zone width is to direct more and more of the light available into the positive 1st order diffraction 
3S image. The ultimate is reached when the staircase becomes a smooth curve. Because each zone was 
divided into equal areas (giving equal intensity and amplitude) to form the staircase, the width of each 
respective area decreases from the inner edge of each zone to the outer edge. However, the step rise is the 
same in each case. Accordingly, as more and more steps are introduced the overall shape or contour 
becomes a curve and not a straight line. Rgure 7 shows the transition from six stepped areas to a 
40 continuous line. In this latter case it can be seen that the total change in phase at the edge of the zone is A 
where A is the wavelength of light 

The preceding explanation refers simply to the wavelength of light but the wavelength of visible light is 
not a single value. The human eye can see a range of wavelengths which it describes as colour, and the 
spectrum of colours changes from blue through green and yellow to red. The wavelength of blue light is 
about 400 nanometres (0.4 micrometres) and that of red light about 700 nanometres (0.7 micrometres) 
Although it is possible to design a diffractive lens to have the values tabled above, these will only apply for 
a single wavelength of light. This single wavelength (usually called the design wavelength) may be any 
value in or near the visible range indicated but it will be found that light of other wavelengths will form 
images at different foci and different intensities. 

If a design wavelength of 400 nanometres is assumed, then the proportions of light at wavelengths 
over the visible spectrum which go into the different images are indicated in Figure 8, in which (i) 
represents the equi-transparent/opaque areas case (Rgure 4), (ii) the two stepped transparent areas case 
(Rgure 5), (in) the three stepped transparent areas case (Rgure 6), and (iv) the continuous line (smooth 
curve) case (Figure 7). From these graphs it is seen that with the exception of the equi-transparent/opaque 
zone plate design all the systems show a reduction in the intensity of the first order diffraction B image as 
wavelengths different from the design wavelength are considered. Most of this loss appears as an increase 
in intensity for the zero order transmission A image which has infinite focal length. Thus light of a 
wavelength displaced from the design wavelength is predominantly transmitted at zero order in preference 
to positive first order diffraction. The physical reason for this change with wavelength is that the material 
added (in Rgure 5 for example) provides the "correct" delay to the light only for a particular wavelength. 
Although its refractive Index changes with wavelength, this is only a small change. The delay is given by 
the product of index difference and thickness as a proportion of the wavelength. Thus, while an index 
difference of 0.5 and a thickness of 0.8 micrometres gives a delay of 400 nanometres compared to the same 
thickness of air, which is about one wavelength for Blue light of wavelength 400 nanometres, this same 
delay is 0.57 wavelengths for Red light of wavelength 700 nanometres. 
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It is also important to note that the location of each image is different for light of different wavelengths. 
The formula for the focal length of each order of wavefront contains X, the wavelength of light, in Ms 
denominator. Thus, as the wavelength is increased (going towards Red light) the focal length is shortened. 
However, the eye also has a change in its focal length with wavelength. The value of the effect in the eye is 
in the opposite sense to that with a drffractfve lens of positive power. Accordingly, for the first order 
diffraction B image with a required focal length of 500 mm (2 dioptres) at the design wavelength of 400 
nanometres; the focal length for Red light of 700 nm is only 285 mm (3.5D). However, this change of 1.5D is 
virtually nullified by the eye having a change over the sume wavelength difference of -1.0D. 

It will thus be seen that a contact lens with a phase zone-plate having three or more stepped areas, or a 
corresponding smooth curve, across each zone width, can provide an add of +2 dioptres or thereabouts 
where the light in the add is predominantly Blue while the refractive power (if any) of the contact lens can 
correct any ametropia to give distance vision predominantly in the Red. Hence, blue light from a near object 
can be focussed by way of positive first order diffraction and red light from a far object can be f ocussed by 
way of zero order transmission. 

Returning now to the contours shown in profile in Figures 6 and 7, it should be recognised that these 
are shown as drawn on flat substrates, whereas the surfaces of a contact lens are curved. A typical rear 
surface curve 8 mm radius has been indicated. The required surface contour can be superimposed on the 
base curve in a manner which effectively retains the basic curvature. Although there is no change in 
curvature when surface layers are added, it will be appreciated that the extra thickness can be considered 
either as changing the centre of curvature but keeping the same radius or as very slightly shortening the 
radius of curvature. Figure 9, in which Y indicates the extra thickness for the stepped areas (or 
corresponding smooth curve) and R1 and R2 respective radii of curvature, shows the difference. 

rf the extra thickness is formed by thin-film deposition of extra layers where the molecules of the film 
material are shot at the curve from a long distance, then the representation of Figure 9(a) is the more exact 
However, if the extra thickness is imparted during the making of the whole surface (e.g. using single-point 
diamond turning) thsn either representation may be valid or even a mixture of the two. Because the 
thickness changes (2 or 3 urn) are very small compared to the basic radius of curvature (8 mm, which is 
8000 urn) there is no appreciable difference in their effect However, the alternatives may generate some 
confusion when defining the smooth curves in the ultimate case of Figure 7. When the exact curved profile 
is added to the base curve of 8 mm radius, it is found that a new curvature is generated. In the case of the 
rear surface of a contact lens the material forming the profile is likely to have a refractive index of 1 .48 while 
the tear fluid filling the troughs of the profile is of refractive index 1.33. Thus An, the difference in refractive 
index, is 0.15. Hence the rear surface of the contact lens has an optical power given by -An/r dioptres 
(where r is the radius of curvature in metres) which calculates to be 



-0.15 

=-18.75 dioptres. 

8X10" 3 



It can be calculated what radius of curvature would be needed to change this to -16.75 dioptres, as such a 
change would provide a reading add of 2 dioptres. This value is nearly 9 mm. On the other hand if the effect 
is calculated of adding the profile of figure 7 to the 8 mm radius base curve, the new surface is found also 
to be a curve of radius nearly 9 mm. The difference in the phase zone plate concept is that this new 
curvature only extends as far as the boundary of the first full-wave zone. At that point a sharp change is 
allowed in the surface location equivalent to a phase delay of one wavelength at the design wavelength 
chosen. It is found by calculation that this is the same step size as brings the surface back to the 8 mm 
radius curve. The profile of the second zone starts at this point and this too gives a radius of curvature of 
nearly 9 mm. Again, this proceeds outwards until the boundary of the second zone. At this point it is one 
wavelength step size away from the 8 mm radius base curve. Thus the series of zones each having a radius 
of curvature of 9 mm is set on a curvature of radius 8 mm traced out by the edges of the zones. This 8 mm 
radius curve is also traced out by the lower edges of each step. The two 8 mm radius curves are in fact one 
step size apart 

The arrangement is illustrated in figure 10 which shows part of the rear surface of a bifocal contact lens 
comprising a plurality of concentric zones of the same size as in a phase zone plate, the zones being defined 
by steps 4 between smooth curved zone areas 5 of 9 mm radius of curvature, the step size being such that 
the step top edges lie on a curve of 8 mm radius of curvature and the step bottom edges lie on another 
curve of 8 mm radius of curvature. In Figure 10, which is not to scale, the step sizes are magnified more 
than the zone sizes in order to exaggerate the effect 

In the case of zones with stepped areas as shown in figure 6, the 8 mm radius of curvature value is not 
changed, but the location of this surface is shifted at each step and returned at the end of eacn zone, figure 
1 1 shows part of the rear surface of a bifocal contact lens comprising a plurality of concentric zones of the 
same size as in a phase zone plate, the zones being defined by steps 6 and each zone having three stepped 
areas 7, 8 and 9 of 8 mm radius of curvature, the step sizes being such as to give general conformation to a 
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base curve of 8 mm radius of curvature. Like Figure 10, Figure 11 is not to scale. The only curvature which 
exists in this arrangement is the 8 mm radius, but because this is stepped back at each 1/3 zone the surface 
within each zone approximates to the 9 mm surface required for the add value. 

Thus in both these arrangements a curvature of one radius is made discontinuous so that it 
5 approximates to another curvature of different radius, even though the other curvature does not exist at 
any one place. A convenient analogy is that of a tiled roof where each individual tile slopes at a given angle 
but the slope (or pitch) of the whole roof is at a different angle. By such discontinuous arrangement a lens 
incorporating a phase zone plate can effectively achieve two curvatures (and therefore two focal lengths 
and focal powers) for one general surface. 
io The manufacture of such surfaces can utilise thin-film deposition methods, particularly when this can 
be applied to a mould from which many lenses may be cast or moulded. A further method of manufacture 
is the direct cutting of the surface using a high precision lathe. The cutting point is often a single point 
diamond and surfaces of good optical quality can be achieved. Such lathes have computer control systems 
which can position the cutting diamond to within one \im and can return centre of rotation of the 

is diamond-carrying arm to the same position within ±0.2 urn. From Fgure 10 it can be seen that a lathe set 
up to turn a radius of 9 mm could be shifted at each zone edge by the one wavelength delay step size and 
continue cutting the 9 mm radius until the second zone edge, etc. Alternatively, a lathe set up to cut 8 mm 
radius could be used to cut such a curve across the whole lens and then return to cut the same radius but at 
slightly lower depths at the positions marked as 8 and 9 on Figure 11. 

20 From the foregoing it will be seen that the resultant lens surface is a smooth curve interrupted in a 
regular series of discrete steps of related size. The curvature of the smooth curve determines one focus of 
the bifocal action wihle the regular series of steps determines the other focus of the bifocal action. The 
proportion of the available light which goes into these foci is determined by the sizes of the steps. 
It will be appreciated that any of the zones or steps within each zone may be shifted by an amount 

2$ equal to one wavelength (or multiples of one wavelength) delay at the design wavelength. The purpose of 
this is to affect the rate of change-over of intensity between the two images as the wavelength of the 
incident light is changed. Thus, for example, the second zone may be raised by one wavelength and also 
the third or fourth zones. The performance of the phase zone plate at the design wavelength is impervious 
to shifts of one (or multiples of one) wavelength. 

30 As specifically described above the diffractive power is given by a series of circular hills (or valleys) on 
the contact lens rear surface, i.e. a surface relief hologram. It will be appreciated that a surface relief 
hologram could instead be on the front surface of the contact lens. It will further be appreciated that the 
diffractive power could be provided by refractive index changes instead of surface relief or thickness 
changes, or by a combination of refractive index and thickness changes. In each case the changes should 

35 be such as to provide the required asymmetric retardation of light across each zone width. Yet further, 
although the contact lens is described above as having refractive power resulting from the material of the 
lens and the basic curvature of its surfaces, the contact lens curve have zero refractive power so that its 
optical power is wholly diffractive. Still further, although the order of diffraction into one sign (described 
above as positive) of which light of the design wavelength is predominantly directed is preferably, as 

40 described above, the first order, some other order coulf be employed with the lens appropriately designed 
predominantly to direct light of the design wavelength into one sign of that other order of diffraction. The 
design wavelength of 400 nanometres (blue light) mentioned above is a particularly suitable design 
wavelength being well displaced from the 700 nanometres wavelength (red light) which is predominantly 
transmitted at zero order, but is of course given by way of example and some other design wavelength 

46 could be used. 

Claims 

1. A bifocal contact lens having diffractive power, comprising a plurality of concentric zones arranged 
50 so as to cause diffraction of light transmitted through the lens, wherein each zone provides an asymmetric 

retardation of light across the zone width in a manner which directs light of a design wavelength 
predominantly into a required order and sign of diffraction at the expense of transmission at zero order and 
at the expense of transmission at the opposite sign of said required order of diffraction, while light of 
another wavelength displaced from said design wavelength is predominantly transmitted at zero order in 
55 preference to said required order and sign of diffraction, whereby light of said design wavelength from an 
object at one distance can be focused by way of said required order and sign of diffraction and light of said 
other wavelength from an object at another distance can be focused by way of zero order transmission. 

2. A lens according to Claim 1 in which said required order of diffraction is first order diffraction. 

3. A lens according to Claim 1 or Claim 2 in which the zones are defined, and the asymmetric 
60 retardation is provided, by the surface contour of the lens, and preferably by the rear surface contour. 

4 A lens according to any preceding claim in which the zones are defined by steps in the lens surface. 

5. A lens according to any preceding claim in which the asymmetric retardation is provided by a 
stepped surface contour having stepped areas across each zone. 

6. A lens according to any of Claims 1 to 4 in which the asymmetric retardation is provided by a smooth 
65 curve across each zone. 
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7. A lens according to any preceding claim whose diffractive power is additional to refractive power 
provided by the material of the lens and the basic curvature of Its front and rear surfaces, and in which any 
surface contour superimposed on the base curve is in a manner which effectively retains the basic 
curvature. 

5 8. A lens according to Claim 7 and Claim 5, in which the stepped areas across each zone each have 

radius of curvature the same as that of the base curve. 

9. A lens according to Claim 7 and Claim 6 and Claim 4, in which the smooth curve across each zone 

has a radius of curvature which differs from that of the base curve but the step size at the zone edge is such 

as to give a general conformation of the surface to the basic curvature. 
w 10. A fens according to any preceding claim having a surface contour produced by cutting, and 

preferably by a computer-controlled lathe. 



Patentanspruche 

15 

1. Bifokale Kontaktiinse, die eine optische Beugungskraft aufweist, mrt einer Mehrzahl von 
konzentrischen Zonen, die so angeordnet sind, daS sie eine Beugung von von der Linse 
hindurchgelassenem Licht hervorruft, wobei jede Zone uber ihre Breite eine asymmetrische Verzogerung 
des Lichtes in einer Weise bewirkt, bei der Licht elner AuslegungswellenlSnge Oberweigend einer Beugung 

20 erforderlicher Ordnung und mit erforderlichem Vorzeichen unterworfen wird, auf Kosten der 
Durchl§ssigkeit bei nullter Ordnung und auf Kosten der Durch lassigkeit bei der Beugung erforderlicher 
Ordnung mit umgekehrtem Vorzeichen, wShrend Licht anderer Wellenlange als der genannten 
AuslegungsweJIenlinge uberwiegend bei nullter Ordnung und gegenuber der Beugung der genannten 
erforderlichen Ordnung und mit erforderlichem Vorzeichen bevorzugt durchgelassen wird, wodurch Licht 

25 der genannten AuslegungswellenlSnge von einem in elnem ersten Abstand befindlichen Objekt vermittels 
der Beugung der genannten erforderlichen Ordnung und mit erforderlichem Vorzeichen fokussiert und 
Licht der anderen genannten Wellenlange eines in einer anderen Entfernung befindlichen Objekts 
vermittels der Durchlassigkeit nullter Ordnung fokussiert werden kann. 

2. Linse nach Anspruch 1, bei der die Beugung der erforderlichen Ordnung die Beugung erster 
30 Ordnung ist 

3. Unse nach Anspruch 1 oder 2, bei der durch die Oberflachenkontur der Unse die Zonen festgelegt 
werden und die asymmetrische Verzogerung bewirkt wird, und zwar vorzugsweise durch die ruckwartige 
Oberflachenkontur. 

4. Linse nach einem der vorausgehenden Anspruche, bei der die Zonen durch Stufen in der 
36 Linsenoberflache festgelegt sind. 

5. Linse nach einem der vorausgehenden Anspruche, bei der die asymmetrische Verzogerung durch 
eine gestufte Oberflachenkontur bewirkt wird, die fiber jede Zone mit gestuften Berelchen versehen ist 

6. Linse nach einem der Anspruche 1 bis 4, bei der die asymmetrische Verzogerung durch eine glatte, 
sich uber jede Zone erstreckende Krummung erzeugt wird. 

40 7. Unse nach einem der vorausgehenden Anspruche, deren Beugungskraft zusatzlich zu einer 
Beugungskraft wirkt, die durch den Werkstoff der Unse und die Basiskrummung von deren vorderer und 
rflckwartiger Oberflache zur VerfQgung gestellt ist, und bei der jedwede Oberflachenkontur, die der 
Basiskrummung uberlagert ist, in der Weise ausgebildet ist, daS die Basiskrummung wirksam erhalten 
bleibt. 

45 _ 8. Unse nach den Anspruchen 7 und 5, be? der die gestuften Bereiche jeder Zone je einen 
Krummungsradius besitzen, der demjenigen der Basiskrummung gleich ist. 

9. Unse nach den Anspruchen 7, 6 und 4, bei der die glatte Krummung jeder Zone einen 
KrQmmungsradius besitzt, der zu demjenigen der Basiskrummung unterschiedlich ist, wobei jedoch die 
StufengroBe am Zonenrand so gewahlt ist, daft sich generelle Obereinstimmung der Oberflache mit der 

so Basiskrummung ergibt 

10. Unse nach einem der vorausgehenden Anspruche mit einer Oberflachenkontur, die durch einen 
Schneidvorgang, vorzugsweise vermittels einer computergesteuerten Drehvorrichtung, hergestellt ist. 



55 Revendications 

1. Lentille de contact bifocale, prSsentant un pouvoir de diffraction et comportant une pluralite de 
zones concentriques disposees de maniere a provoquer une diffraction de la lumiere transmise par la 
lentille, et dans laquelle chaque zone produit un retard asymStrique de la lumiere sur I'etendue en largeur 

60 de cette zone, en soumettant de facon pretJominante la lumiere poss£dant une longueur d'onde theorique, 
a une diffraction avec un ordre et un signe requis, aux depens de la transmission effectuee avec I'ordre zero 
et aux dgpens de la transmission effectuee avec le signe oppose dudit ordre requis de diffraction, tandis 
que la lumiere possectent une autre longueur d'onde, de*calee par rapport a iadite longueur d'onde 
theorique, est transmise de facon pr€dominante avec I'ordre zero de preference audit ordre et audit signe 

65 de diffraction requis, ce qui a pour effet que la lumiere possSdant Iadite longueur d'onde theorique et 
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d§lrvr6e par un objet situ6 a une certaine distance peut etre focalis$e au moyen dudit ordre et dudit signe 
de diffraction requis, et que la lumtere possSdant ladite autre longueur d'onde et d&ivree par un objet situ6 
a une autre distance peut §tre focalis6e au moyen d'une transmission d'ordre z§ro. 

2. Lentille selon la revendication 1, dans laquelle ledit ordre requis de diffraction est le premier ordre de 
5 diffraction. 

3. Lentille selon la revendication 1 ou 2, dans laquelle les zones sont d6finies et le retard asymetrique 
est fourni par Je contour de la surface de la lentille et de preference par le contour de la surface arriere. 

4. Lentille selon I'une quelconque des revendications prec&ientes, dans laquelle les zones sont 
defimes par des parties etag£es dans la surface de la lentille. 

70 5. Lentille selon I'une quelconque des revendications precSdentes, dans laquelle le retard symetrique 
est fourni par un contour de surface etage* incluant des surfaces &agees £ HntSrieur de chaque zone 

6. Lentille selon I'une quelconque des revendications 1 a 4, dans laquelle le retard symetrique est 
fourni par une courbe unie d I'intSrieur de chaque zone. 

7. Lentille selon I'une quelconque des revendications pn5c§dentes, dont le pouvoir de diffraction 
is s ajoute au pouvoir de refraction fourni par le matSriau de la lentille et la courbure de base de ses surfaces 

avant et arnere, et dans laquelle tout contour de surface superposd d la courbe de base I'est d'une maniere 
permettant de conserver de manfere effective la courbure de base. 

8. Lentille selon les revendications 7 et 5, dans laquelle les surfaces etagSes a I'interieur de chaque 
zone poss6dent chacune un rayon de courbure identique h celui de la courbe de base. 

20 9. Lentille selon les revendications 7 et 6 et la revendication 4, dans laquelle la courbe unie a I'interieur 
de chaque zone posside un rayon de courbure qui differe de celui de la courbe de base, mais la dimension 
de la partie 6tag6e au niveau du bord de la zone est telle qu'elle foumit une adaptation gSnerale de la forme 
de la surface d la courbure de base. 

10. Lentille selon I'une quelconque des revendications pr6c<§dentes poss&iant un contour de surface 

2s obtenu par dScoupage et ce de preference au moyen d'un tour commande* par un ordinateur. 
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FIG. 9. 
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FIG.10. 



